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MODIFIED CHIP ATTACH PROCESS AND APPARATUS 



Field of the Invention 
The present invention relates generally to apparatus and methods for 
packaging a device. More particularly, it relates to modified chip attach process and 
apparatus used for packaging a device. 

Background of the Invention 

Typically a large number of semiconductor devices are formed on wafers. 
The semiconductor devices are formed by repeating a nmnber of basic operations on 
a wafer. The basic operations include layering, patterning, doping, and heat 
processing. The final semiconductor formed has many layers of material and 
includes as many as 10,000 or more individual transistors. Rather than make each 
semiconductor device individually, a number of devices are formed on a single 
wafer. The entire wafer is subjected to the basic operations discussed above in 
order to form himdreds of semiconductor chips or devices. Typically, after the 
semiconductor devices are formed, the semiconductor devices are tested and sorted. 
Next, the wafer is sliced and diced so that each individual semiconductor device is 
separated firom the others formed on the wafer. 

The individual semiconductor devices are formed on fi'agile material. As a 
result, the individual semiconductor devices are packaged, in part for physical 
protection. Packaging also dissipates the heat from the semiconductor and provides 
connections or leads between the individual chip or die and an exterior portion of 
the package. The leads allow for electrical connection between the chip or die and a 
printed circuit board or other device. 

There are many different types of packages. One common package is a flip 
chip package which has a series of bumps or balls or leads formed in an array on a 
surface of a substrate. The substrate includes a number of pads, typically laid out in 
an array. Solder individually, or mixed with flux is deposited onto the pads and 
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then the substrate is heated. The heat apphed is sufficient to reflow the solder and 
melt the solder to a liquid state. The flux material is used to clean the metal pads on 
the die and the substrate, and the solder of any oxides that may have been formed on 
it. Removal of the oxides allows for good solder wetting and good joint formation. 
5 The material surroimding the solder pad typically repels or resists the liquid solder. 
The liquid solder, therefore, wets to the surface of the pad and the surface tension of 
the liquid solder causes the solder to form a ball or bump. The ball or bump shape 
is maintained while the solder cools. The silicon die along with the substrate and 
the interconnections between them is referred to as an electronic package or simply 

10 the "package". Typically, the entire package is heated and cooled to attach the die 
to the substrate. Li most manufacturing processes, the package is reheated and 
cooled a number of additional times as the part of the manufacturing process. The 
die or chip within the package is also reheated and cooled an additional number of 
times. In some packaging operations, the package is reheated to clean the package 

15 of residual flux that may be bumt and charred during the die to substrate assembly 
process. A liquid is typically used to clean the package of excess solder, and the 
package is cooled. The next step is to reheat the package again to drive off any 
remaining liquid that may have been absorbed by the packaging materials during the 
residual flux cleaning operation. The substrate is then cooled. Finally, an epoxy is 

20 used to encapsulate the solder balls between the die and the substrate. Part of the 
encapsulation includes placing epoxy between the die and the package. This is 
referred to as underfilling the package. The epoxy can be pressurized during 
underfill or the epoxy can be heated and capillary action used to underfill the 
package. The epoxy adhesive is heated so that the epoxy flows into the spaces 

25 between the die and the substrate. The substrate and die or chip are then cooled 
again. A lid can then be placed on the package. After the packaging process is 
complete, heat is then managed using heat sinks or the like with the package as it 
operates. 

Partial encapsulation is discussed above. Another common package used for 
30 flip chips is a molded epoxy enclosure. In this type of package, the die is attached 
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to a lead frame. Then the entire die and lead frame is placed in a mold. The lead 
frame and the package is then surrounded with epoxy material that has been 
softened and heated previously. Although the process is somewhat different, it 
should be noted that the die or chip is subjected to repeated heating and cooling. 

5 When the layers in a die or chip are subjected to thermal cycling of the 

magnitude as from reflowing the solder, washing away excess flux, driving off 
liquid from the washing operation and from either underfilling the space between 
the chip and the substrate or molding the package around the chip or die, 
delamination may occur between the layers in the die or chip. The repeated thermal 

10 cycles during the chip or die attach process cause delamination of the inner layer 
dielectrics (ILD) on the die. The ILD is a fragile, thin film layer. When 
delamination occurs, the chip or die fails. The delamination may result in 
significant yield losses. The delamination of the ILD may not only cause current 
failures, but can also cause latent failures that occur after the chip has left the 

1 5 manufacturing site. Failure of components is never desirable and generally requires 
more effort when the chip is in the field and must be replaced. 

Brief Description of the Drawings 
The invention is pointed out with particularity in the appended claims. 
20 However, a more complete understanding of the present invention may be derived 
by referring to the detailed description when considered in connection with the 
figures, wherein like reference numbers refer to similar items throughout the figures 
and: 

FIG. 1 A is schematic cutaway view of a semiconductor package, according 
25 to an embodiment of the invention. 

FIG. IB is schematic cutaway view of a semiconductor package, according 

to an embodiment of the invention. 

FIG. 2 is a flow chart of a method for forming a semiconductor package, 
according to an embodiment of the invention. 
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FIG. 3 is a flow chart of a method for forming a semiconductor package, 
according to another embodiment of the invention. 

FIG. 4 is a flow chart of a method for forming a semiconductor package, 
according to yet another embodiment of the invention. 
5 FIG. 5 is a graph showing the temperature of the semiconductor package 

with respect to time, according to an embodiment of this invention. 

FIG. 6 is a schematic diagram of an apparatus for attaching the 
semiconductor package and placing a curable material in contact with the package, 
according to an embodiment of this invention. 
10 FIG. 7 is a schematic diagram of an apparatus for attaching the 

semiconductor package and placing a curable material in contact with the package, 
according to another embodiment of this invention. 

FIG. 8 is a schematic diagram of a computer system that can be used to 
control the apparatus for attaching the semiconductor package and curing a material 
15 in contact with the package, according to an embodiment of this invention. 

FIG. 9 is a block diagram of a computer-readable medium that includes an 
instraction set therein, according to an embodiment of this invention. 

The description set out herein illustrates the various embodiments of the 
invention and such description is not intended to be construed as limiting in any 
20 manner. 

Detailed Description 
In the following detailed description, reference is made to the accompanying 
drawings, which are not necessarily to scale, which form a part hereof, and in which 
25 is shown, by way of illustration, specific embodiments in which the apparatus and 
methods can be practiced. These embodiments are described in sufficient detail to 
enable those skilled in the art to practice them, and it is to be xmderstood that the 
embodiments can be combined, or that other embodiments can be utilized and that 
procedural changes can be made without departing from the spirit and scope of the 
30 present invention. The following detailed description is, therefore, not to be taken 
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in a limiting sense, and the scope is defined by the appended claims and their 
equivalents. Li the drawings, like numerals describe substantially similar 
components throughout the several views. 

FIGS. 1 A and IB are schematic cutaway views of semiconductor packages, 
5 according to an embodiment of the invention. FIG. 1 A is a schematic cutaway view 
of a semiconductor package 100. The semiconductor package 100 includes a die 
110 and a substrate 120. The die 1 10 is attached to the substrate 120 with solder 
112. The solder 1 12 is actually formed into solder balls on one surface of the die 
110. The substrate 120 includes pads 122. The pads 122 are arranged on the 

10 substrate 120 in the same geometric configuration or layout as the solder balls 112 
on the substrate 110. The substrate 110 and the solder balls 1 12 are placed on to the 
pads 122 of the substrate and the substrate 120 and die or chip 1 10 is heated so that 
the solder reflow and connects the die 110 to the pads 122 of the substrate 120. As 
shown in FIG. lA, the space between the substrate 120 and the die or chip 1 10 is 

15 underfilled with the curable substance, such as an epoxy. As shown in FIG. lA, the 
underfill area has a reference numeral 130. It should be noted that an underfilled 
area 130 can be formed either by capillary action or by injection. Underfilling by 
capillary action is generally less stressful on the chip or die 110. After the underfill 
area 130 is formed, a cap or lid 140 is placed onto the substrate to complete the 

20 semiconductor package 1 00. 

FIG. IB shows a second type of semiconductor package 150. The 
semiconductor package includes a chip or die 110 and a substrate 120. The die 1 10 
has balls of solder 112 arranged in a pattern on one side of the die 110. The 
substrate 120 includes a plurality of pads 122 that are arranged in a similar 

25 geometric shape so that the solder balls 112 align with the pads 122 of the substrate. 
An epoxy material or other curable material 160 is over molded around the die 110 
and the substrate 120 to complete the semiconductor package 150. Over molding 
generally requires injection of a curable substance such as epoxy or a similar 
substance. 
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FIG. 2 is a flow chart of a method 200 for attaching a die to a substrate 
thereby forming a semiconductor package, according to an embodiment of the 
invention. The method 200 of packaging a die includes reflowing the solder to 
electrically connect the die to a substrate at a first temperature 210, cooling the die 
5 and substrate to a second temperature 212, and placing a heated epoxy or another 
curable material in contact with the die and the substrate 214. The method 200 
further includes holding the die and substrate at the second temperature for a time 
sufficient to allow the epoxy to cure 216, and cooling the die, substrate and epoxy 
218. The second temperature that the epoxy or other material cures at is less than 

10 the first temperature. The die and substrate are not cooled to a temperature 

significantly below the second temperature until after the heated epoxy is placed in 
contact with the die and substrate 214. In other words, the die and substrate are not 
heated and cooled to room temperature in a first reflow step and then heated and 
cooled in a step where epoxy or another curable material is placed in contact with 

15 the die. As a result, at least one thermal cycle of the die and substrate is eliminated. 
This in tum reduces the amoimt of stress placed on the die and substrate and also 
reduces the amount of stress on the inner layer dielectrics (ILD) of the die. The ILD 
is a fragile, thin film layer. Reduction of the stress at the ILD also reduces the 
chance for delamination at the ILD. As mentioned previously, when delamination 

20 occurs at the ILD, the chip or die fails so reducing the chance for delamination at 
the ILD improves yields, especially in certain semiconductor packages, such as 
packages that include dies having a firagile, thin film layers in the ILD. It should be 
noted that delamination of the ILD may not only cause current failures, but can also 
cause latent failures that occur after the semiconductor package has left the 

25 manufacturing site. As a result, reducing the number of thermal cycles during chip 
attach and packaging also decreases the number of field failures of the 
semiconductor package since there will be a lesser number of latent failures due to 
delamination. In addition, the invention as set forth above and below, reduces the 
amount of time required to form the semiconductor package. The reduced amount 

30 of time for assembly translates into a reduced cost for packaging the semiconductor. 
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In some embodiments, placing heated epoxy in contact with the die and the 
substrate 214 includes underfiUing the space between the die and the substrate. In 
other embodiments of the invention, the die and substrate are overmolded with 
epoxy or some other curable material to form the package. The method further 
includes placing a hd over the die and the substrate. Placing the heated epoxy in 
contact with the die and the substrate includes overmolding the die, according to one 
embodiment of the invention. According to an embodiment of the invention, after 
solder reflow, the die and substrate remain above or at the second temperature until 
the epoxy cures. The second temperature is sufficiently lower than the first 
temperature to allow the reflowed solder to solidify. The method also includes 
selecting an epoxy that cures at a temperature near the temperature associated with 
reflow of the solder. The method further includes selecting a flux that does not 
leave a residue as a result of reflow. 

FIG. 3 is a flow chart of a method 300 for forming a semiconductor package, 
according to another embodiment of the invention. The method 300 of packaging a 
die includes selecting a solder that does not leave a residue as a result of reflow 310, 
reflowing the solder to electrically connect the die to a substrate at a first 
temperature 311, and cooling the die and substrate to a second temperature 312. 
The method 300 includes selecting an epoxy that cures at a temperature near the 
temperature associated with reflow of the solder 313, placing a heated epoxy or 
another curable material in contact with the die and the substrate 3 14, holding the 
die and substrate at the second temperature for a time sufficient to allow the epoxy 
to cure 316, and cooling the die, substrate and epoxy 318. The second temperature 
that the epoxy or other material cures at is less than the first temperature. The die 
and substrate are not cooled to a temperature significantiy below the second 
temperature until after the heated epoxy is placed in contact with the die and 
substrate 314. Of course, the epoxy or other curable material with a curing 
temperature near the reflow temperature must have a curing temperature which is 
less than the reflow temperature of the solder used on the die so that as the epoxy or 
other curable material cures, the solder does not reflow. Generally, the higher the 
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curing temperature the shorter the time required to cure the curable material. 
Therefore, a material having a cure temperature close to the temperature for reflow 
will be desirable since the time required to reflow the solder 3 1 1 and cure the epoxy 
will be minimized. Of course, other factors must be considered in choosing the 
epoxy or other curable material that forms at least a portion of the semiconductor 
package. 

As a result, at least one thermal cycle of the die and substrate is eliminated. 
More than likely several additional thermal cycles are also eliminated. Selecting a 
solder that does not leave a residue as a resuU of reflow 310 eliminates thermal 
cycling due to washing solder residue and heating the package to drive off any 
liquid that remains from washing the die and substrate of any solder residue. Again, 
this reduces the amount of stress placed on the die and substrate and also reduces 
the amount of stress on the inner layer dielectrics (ILD) of the die. The ILD is a 
fragile, thin fihn layer. Reduction of the stress at die ILD also reduces the chance 
for delamination at the ILD. Elimination of any washing step and subsequent step 
to drive off hquids that remain from washing also reduces the time needed to attach 
a die to a subsfrate and form a semiconductor package. The reduced amount of time 
for assembly translates into a reduced cost for packaging the semiconductor. 

FIG. 4 is a flow chart of a process 400 for forming a semiconductor package, 
according to yet another embodiment of the invention. The process 400 for 
assembling a package for a semiconductor device includes reducing the stress in an 
inner dielectric layer during packaging by heating the die and the substrate to a 
temperature where the solder reflows 410, dropping to a temperature where a 
selected epoxy will cure 412, liquefying the epoxy 414, adding the Uquefied epoxy 
to the die and substrate 416, and maintaining the die and substrate at a temperature 
where the epoxy cures for a selected amount of time 418. The process also includes 
adding a flux that leaves reduced amounts of residue after heating the die and solder 
to a temperature where the solder reflows 420. The steps of cleaning the die of 
excess flux residue and driving off the excess Uquid are eliminated. Adding the 
Uquefied epoxy to the die and substrate includes underfilling the space between the 
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die and substrate with liquefied epoxy. In one embodiment of the invention, 
capillary action is used to underfill the space between the die and the substrate. In 
another embodiment of the invention, the epoxy is pressurized and injected into the 
space between the die and the substrate to underfill the space between the die and 
the substrate. Underfilling using capillary action places less stress and less force on 
the die and, so, is very usefiil in packaging dies that are fragile or that have ILDs 
that are prone to delamination. Underfilling using capillary action can be followed 
by placing a lid on the die to complete the semiconductor package. 

FIG. 5 is a graph 500 showing the temperature of the semiconductor package 
with respect to time, according to an embodiment of this invention. The graph 500 
shows the temperature of the semiconductor package 100, 150 with respect to time 
during the manufacturing process. Specifically, the time is on the horizontal or X 
axis, and temperature is on the Y or vertical axis in graph 500. The temperature is 
initially brought up to a first temperature depicted by temperature t, and is held at 
temperature ti for a sufficient amount of time to allow the solder ball 1 12 of the die 
to reflow and connect to the substrate 120. The solder balls 1 12 and substrate 120 
are not shown in FIG. 5, but rather can be seen in FIGS. 1 A and IB. Once the chip 
or die has been connected or attached to the substrate, the temperature is lowered to 
a temperature and underfill is attached either during the time when the 
temperature is dropping from t, to ta or at the beginning of the time when tj is held 
at constant as depicted by arrow 510. Once the underfill or curable material is 
dispensed, the temperature t2 is held constant for a time sufficient for the underfill 
material to cure as depicted by bracket 520. Once the underfill has cured or once 
the epoxy material placed in contact with the die 1 10 and subsfrate 120 (shown in 
FIG. 1) has cured, the temperature of the subsfrate and die is dropped to a lower 
temperature. It is assumed that the lower temperature is roughly room temperature 
in a manufacturing site. It should also be noted that a curable material can be 
dispensed at the time during the temperatures t, and tj are at the beginning of the 
time for the curing step. The material need not necessarily be limited to an underfill 
material but can also be an epoxy used for overmolding the chip or die 1 1 0 and the 
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substrate 120 (shown in FIG. 1). In other words, the time and temperature graph 
500 shown in FIG. 5 can apply to either an underfill procedure or an overmolding 
procedure where at the part is totally encapsulated with a curable material, such as 
epoxy. 

5 FIG. 6 is a schematic diagram of a system 600 for attaching the 

semiconductor package and placing a curable material in contact with the package, 
according to an embodiment of this invention. The system 600 for forming a 
semiconductor package includes a conveyor 610. The die and substrate 620 that 
eventually form a semiconductor package, are conveyed in the direction as depicted 

10 by the arrow 612. The system 600 includes a solder reflow station 630 that heats a 
die and a substrate 620 to reflow solder so that the die is electrically connected to 
the substrate. In one embodiment of the invention, the reflow station 630 is an 
elongated oven through which the die and the substrate are conveyed. The rate of 
conveyance through the length of the oven can be controlled to allow the oven 

1 5 adequate time to reflow the solder. In some embodiments, the conveyor 6 1 0 
constantly conveys the die and substrate 620 through the oven. In other 
embodiments, the conveyor 610 stops periodically to extend the amount of time the 
die and substrate 620 stay in the oven. The reflow station 630 operates at least at a 
first temperature that allows solder to reflow. The system 600 also includes a 

20 station for placing material in contact with at least a portion of the die 640 at a 

second temperature. The second temperature is less than the first temperature. The 
die and substrate 620 are heated to the first temperature and cooled to the second 
temperature without cooling the die and substrate to a temperature significantly 
below the second temperature between the solder reflow station 630 and the station 

25 for placing material in contact with at least a portion of the die 640. In one 

embodiment, the station for placing material in contact with a least a portion of the 
die 640 includes a device for placing a heated epoxy in contact with the die and the 
substrate. The station for placing material in contact with a least a portion of the die 
includes a device for underfilling the space between the die and the substrate with a 

30 heated epoxy. In one embodiment, the station for placing material in contact with a 
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least a portion of the die includes a device for underfilling the space between the die 
and the substrate with a heated epoxy using capillary action. In other embodiments, 
the epoxy is used to underfill the die using a pressurized injection process. In still 
other embodiments, the station for placing material in contact with at least a portion 
of the die 640 includes a device used to overmold the die and substrate to form the 
package. The system 600 fiarther includes a curing station 650 for holding the die 
and substrate at the second temperature for a time sufficient to allow the epoxy to 
cure. In one embodiment of the invention, the curing station 650 is another oven 
through which conveyor 610 conveys the die and substrate. The rate of conveyance 
through the length of the oven can be controlled to allow the oven adequate time to 
cure the epoxy or other curable material. In some embodiments, the conveyor 610 
constantly conveys the die and substrate 620 through the oven. In other 
embodunents, the conveyor 610 stops periodically to extend the amount of time the 
die and substrate 620 stay in the curing oven. 

FIG. 7 is a schematic diagram a system 700 for attaching the semiconductor 
package and placing a curable material in contact with the package, according to 
another embodiment of this invention, hi some embodiments, the system 700 
includes a plurality of stations for placing material in contact with at least a portion 
of the die and the solder reflow station are located at a single location. In still otiier 
20 embodiments, the system 700 includes tiie station for placing material in contact 
with at least a portion of tiie die, the solder reflow station placing material, and tiie 
curing station at a single location. The system 700 includes a single oven 710 into 
which tiie die and substrate are placed at a fu:st temperature to cause solder reflow, 
and tiiat drops to a second lesser temperature for curing of epoxy placed as eitiier an 
underfill or for encapsulation of tiie die and substrate. The system 700 also includes 
a device 720 for placing tiie epoxy or otiier material in contact witii tiie die. There 
may also be a curing temperature. The system holds tiie oven at tiie curing 
temperature for a time sufficient to allow tiie epoxy to cure. 

The die 110 and substrate 120 maybe conveyed tiirough tiie oven 710 or 
30 tiiere may be a robotic pickmg mechanism for picking and placing tiie die 1 10 and 
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substrate 120 during the chip attack and package competition portion of 
manufacturing. 

Each of the systems 600, 700 for attaching the semiconductor package and 
placing a curable material in contact with the package can be operated under the 
5 control of a computer. FIG. 8 is a schematic diagram of a computer system 2000 
that can be used to control the system 600, 700 for attaching the semiconductor 
package and curing a material in contact with the package, according to an 
embodiment of this invention. The computer system 2000 may also be called an 
electronic system or an information handling system. The computer or information 
10 handling system 2000 includes a central processing unit 2004, a random access 
memory 2032, a read only memory 2034, and a system bus 2030 for 
communicatively coupling the central processing unit 2004 and the random access 
memory 2032 and the read only memory. The information handling system 2002 
also includes an input/output bus 2010 and several devices peripheral devices, such 
15 as 2012, 2014, 2016, 2018, 2020, and 2022 may be attached to the input output bus 
2010. Peripheral devices may include hard disc drives, magneto optical drives, 
floppy disc drives, monitors, keyboards and other such peripherals. 

FIG. 9 is a block diagram of a computer-readable medium 900 that includes 
an instruction set 910 therein. The computer-readable medium can be any type of 
20 memory, a disk used for magnetic disk storage, optical disk storage, flash memory 
devices, or other machine-readable media. Media can also be read-only memory or 
random-access memory, which is part of a hardware configuration for a computer 
system. Furthermore, the media can also include the internet, storage available to a 
server, or a transmission of any sort, connected or wireless, that is used to transmit 

25 the instructions to a computer system. 

A computer program product for use with a computer system associated with 
a device such as a set of stations in a semiconductor packaging operation , the 
computer program product includes a computer usable medium that causes a 
computer to execute the methods and processes set forth in FIGs 2-4 above. In 

30 other words, a set of instructions 910 associated with the computer program product 
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^ execu-ab,. by a suitably prog.an».e<. — o. ha.O.|„S sys»n 
......eco....ab,e.e.— — 

execute the methods and processes set forth m FIGs 

paragraphs. . ..^ ic intended to be illustrative 

„ is to be understood d>at flie above descnpnon .s mtended to 

no. res^iCive. Many other en.bodi.e„.s «ii, be apparent to those ts^U 

, • * „ TiiPcrnneofthe invention should, 
artuponreviewingtheabovedescnption. scope o t 

therefore, be determined with reference to the appended claims, along 

scope of equivalents to which such claims are entitled. 
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